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Introduction
2.  Ground state
•
 
Ethyl radical, C2
 
H5
 
, is an intermediate of central importance in hydrocarbon combustion [1].
•
 
As one of the simplest alkyl radicals, ethyl represents an important prototype for more dynamically complicated 
radicals.
•
 
There have been some previous studies on the photodissociation
 
process of this radical in order to elucidate its 
dissociation dynamics [2,3].
•
 
Study of the photodissociation
 
dynamics of this radical requires a potential energy curves.
6.  Conclusion and perspectives
•
 
High level ab
 
initio calculations have been performed to get for the first time the adiabatic potential energy curves of
the ethyl radical at Cs configuration along C-C and C-H coordinates of the 3s and 3p Rydberg
 
states for the three 
dissociation channels
 
: CH3 + CH2
 
, H + CH2
 
CH2
 
and H + CHCH3
 
. 
•
 
Most interestingly, the ab
 
initio results indicate that predissociation
 
through the three dissociation channels can be 
produce when the system is excited to the 22A’’(3pz
 
) Rydberg
 
state.
•
 
On the contrary, dissociation yielding H + CH2
 
CH2
 
products is not possible from the 3s and 3px,y
 
Rydberg
 
states.
•
 
The photodissociation
 
mechanism yielding H+CHCH3 is likely to be similar to that of methyl.
1. Computational Methods
•Theoretical calculations of the the
 
excited states of the ethyl radical, which can decay into three
 
product channels
 
: 
C2H5                 CH3 + CH2
H + CH2CH2
H + CHCH3                       
•MOLPRO
 
ab
 
initio code [4].
•Basis : aug-cc-
 
pVQZ
 
of Dunning [5] for the optimization of the geometry of the ground state.
aug-cc-
 
pVTZ
 
of Dunning [5] for the calculations of the excited states.
•Methods : CCSD(T)-F12 [6] level for the optimization of the geometry of the ground state.
MRCI
 
[7] level for the calculations of the excited states.
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•Calculation of the adiabatic potential energy surface in 2-D.
•Study of the photodissociation
 
dynamics of the ethyl radical.. 
3.  The dissociation products : CH3 + CH2
4.  The dissociation products : H + CH2
 
CH2
5.  The dissociation products: H + CHCH3
 
(comparison with methyl radical) :  
Fig. 1. Structure of C2
 
H5
 
used
 
in the theoretical
calculations
 
at CS
 
configuration.
a
 
: Calculations at CCSD(T)-F12/AVQZ level.
b : From Ref [8]
Fig. 2.  Calculated potential energy curves for CH3
 
+ CH2
 
dissociation of the 
ground state and the excited states of the ethyl radical at MRCI/AVTZ level.
Fig. 3. Calculated potential energy curves for H + CH2
 
CH2
 
dissociation of the 
ground state and excited states of the ethyl radical at MRCI/AVTZ level.
Fig.4.  Calculated potential energy curves for H + CHCH3
 
dissociation of the ground state and excited states of the 
ethyl radical at MRCI/AVTZ level.
Table. 2. Vertical excitation energies (eV) from the ground state for the C2
 
H5
 
radical.
State Calculations Experiment
 
a
12A’
 
(3s) 5.02 5.03
22A’
 
(3px,y
 
) 5.87 6.05
22A’’
 
(3pz
 
) 6.17 6.05
32A’
 
(4s) 6.91 -
a
 
: From Refs [9,10]
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•
 
The first four electronic states 
of A’
 
symmetry and the first 
three electronic states A”
 
symmetry in the Cs symmetry 
group along the dissociative 
coordinate C-C have been 
calculated.
•
 
The 12A’(3s), 22A’(3px,y
 
) and 
32A’(4s) Rydberg
 
states 
crosses a valence repulsive 
42A’
 
state leading to 
dissociation into the 
CH3
 
(2A2
 
”)+CH2
 
(1A1
 
) and the 
22A’’(3pz
 
) Rydberg
 
state 
crosses a valence repulsive 
state that correlates with 
CH3
 
(2A2
 
”)+CH2
 
(1B1
 
).
•
 
The first four electronic
states of A’
 
symmetry and
 
the 
first three electronic states of 
A’’
 
symmetry in the Cs
 
symmetry group along the 
dissociative coordinate C-H 
have been calculated.
•
 
There is coupling between the 
22A’’(3pz
 
) Rydberg
 
state and 
the 32A’’
 
valence repulsive  
state that correlates with 
H(1S)+C2
 
H4
 
(1B1u
 
). 
The picture of excited electronic states is rather similar for both ethyl and methyl. In particular, the two 
figures display a similar coupling (at a similar distance)  between the 3pz
 
(22A’’
 
) (for ethyl) and 52A’
 
(for 
methyl) Rydberg
 
states and a valence repulsive state that correlates with C2
 
H4
 
(1B1u
 
) and CH2(1B1
 
) at CS 
and C2v
 
symmetries for the C2
 
H5 and CH3
 
radicals, respectively,  along the dissociative coordinate C-H. 
Similarly, the 3s and 3px,y Rydberg
 
states and the valence A’
 
state are also coupled between themselves 
in both radicals.
For each variation of C-C(R), C-H(r3
 
) and C-
 
H(r1
 
) for the three dissociation channels 
CH3
 
+CH2
 
, H+CH2
 
CH2
 
and H+CHCH3
 
, 
respectively, the other coordinates have been 
optimized.
Fig. 5.  From Ref [9]
a: From
 
Ref
 
[10, 11]
